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where Ro is the major radius and 0 0 = eBo/me with Bo 
the magnetic field at the axis. The parallel flow velocity 
has a form of 
(5) 
The toroidal viscosity determines the neoclassical ra- with 
dial electric field in an axisymmetric tokamak plasma as 
in non-axisymmetric systems. This toroidal viscosity is 
very small and obtained only when the finite orbit width 
(FOW) effect is considered. In the case of uniform tem-
perature ('ilT = 0), the wave equation is derived to show 
the oscillatory behaviour of the radial electric field. The 
oscillatory radial electric field converges a steady state 
which satisfies the satandard neoclassical relation be-
tween the parallel flow and the radial electric field. 
We consider only neoclassical transport to determine 
the radial electric field in axisymmetric tokamaks. It is 
well known, in axisymmetric tokamaks, that the par-
ticle transport is intrinsically ambipolar, which means 
that the electron and ion particle fluxes are indepen-
dent of the radial electric field. To determin the radial 
electric field, it is nessecary to calculate the very small 
toroidal viscocity which is attributed to the FOW effect 
of particles. 
We solve the drift kinetic equation including FOW 
effect [1]. 
~ + ~ :~~ + (vii +Vd)' 'ill = C(f,f) (1) 
Only ions are treated in the present paper. This drift 
kinetic equation is solved numerically by the /j I method 
with two weights [2]. 
In this paper, only the case of'ilT = 0 is considered. 
For simplicity, it is assumed that the magnetic surfaces 
are concentric and circular. Then, we obtain 
(1+ ~) O!r = -47re (J d3vlvdr) 
The radial drift velocity is given by 
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B = Bo{1- R coslJ) (6) 
Taking the time derivative of Eq.(2) yields 
(7) 
The standard neoclassical theory gives an exact solution 
to the drift kinetic equation for the case of 'ilT = 0 
[1]. The solution is a shifted-Maxwellian distribution 
function ISM, which' annihilates off the collision term ; 
C = O. Inserting Eq.{l) into Eq.(7) yields 
(8) 
(9) 
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en dr eqRo (10) 
where WGAM is the GAM frequency. The wave equation 
is the same as that in Ref. [3] in the small ull limit. 
Equation (8) suggests that the radial electric field 
interacts with moving particles to generate an oscillation 
with a frequency WGAM. In the long time limit after the 
GAM oscillation damps out or after time averaging, the 
relation between the radial electric field and the flux 
averaged parallel flow becomes 
qRov;h 1 dn e (ulI) = -2rfj{;;: dr - fEr) (11) 
This is just the relation given by the standard neoclaas-
sical theory [1]. This suggests that the FOW effect may 
not affect the standard relation between the radial elec-
tric field and the parallel flow velocity. 
[1] F. L. Hinton and R. D. Ha2eltine, Rev. Mod. Phys. 
48, 239 (1976). 
[2] W. X. Wang, N. Nakajima, M. Okamoto, and S. Mu-
rakami, Plasma Phys. Control. Fusion 41, 1091 
(1999). 
[3] M. Okamoto, N. Nakajima, S. Satake, and W. Wang, 
J. Plasma and Fus. Res., 78(12), 1344 (2002). 
325 
